Runoff from roadside test plots amended with three types of composted organics was compared with runoff from control plots (compacted subsoil) and plots treated with topsoil. Although one of the composts (biosolids) contained significantly (p<0.05) higher concentrations of N, P, K, and nine metals than the control soil or the topsoil, this compost also did a good job of retaining these potential water pollutants. As a result, Zn and P were the only soluble pollutants found in significantly higher concentrations in runoff from plots amended with biosolids than in runoff from the subsoil and topsoil plots. Concentrations of N, P, and four metals in sediment eroded from the biosolids compost also were significantly higher than in the topsoil or control soil sediment. Due in part to significantly lower runoff and erosion from the biosolids compost, however, the total masses of seven metals were significantly lower in runoff from plots treated with biosolids compost. Only total P was significantly higher in the biosolids compost runoff. Abstract. Runoff from roadside test plots amended with three types of composted organics was compared with runoff from control plots (compacted subsoil) and plots treated with topsoil. Although one of the composts (biosolids) contained significantly (p<0.05) higher concentrations of N, P, K, and nine metals than the control soil or the topsoil, this compost also did a good job of retaining these potential water pollutants. As a result, Zn and P were the only soluble pollutants found in significantly higher concentrations in runoff from plots amended with biosolids than in runoff from the subsoil and topsoil plots. Concentrations of N, P, and four metals in sediment eroded from the biosolids compost also were significantly higher than in the topsoil or control soil sediment. Due in part to significantly lower runoff and erosion from the biosolids compost, however, the total masses of seven metals were significantly lower in runoff from plots treated with biosolids compost. Only total P was significantly higher in the biosolids compost runoff.
Introduction
In January of 2000 the Iowa Department of Natural Resources (IDNR) and the Iowa Department of Transportation (IDOT) jointly funded a 2-year study of the environmental impacts of applying composted organics to newly-constructed or re-constructed highway rights-of-way.
Department of Natural Resources support for the project was based on the agency's desire to identify and expand markets for composted organics. Since 1989, when the Iowa legislature mandated a 50% reduction (by year 2000) in the amount of solid waste buried in landfills, the number of publicly-owned and industrial composting operations in Iowa has grown from a handful to more than 70 facilities processing 320,000 metric tons/year of yard waste, bio-solids, and industrial organics annually (Iowa Department of Natural Resources, 1998) . While successfully reducing pressure on Iowa's landfills, the rapid increase in composting operations has created a need for new markets capable of utilizing large amounts of composted materials.
As the primary agency responsible for development and maintenance of Iowa's extensive network of highways, the Iowa Department of Transportation is responsible for storm water management and erosion prevention on 2,000-3,000 acres of new embankments and ditches adjoining 100 miles or more of new or reconstructed roadways built each year. Rapid establishment of a mixed-species (oats, rye, timothy, and clover) cover crop has been the most widely used and effective runoff and erosion control practice. Since most new roadside areas have been stripped of topsoil and compacted, the conventional practice of directly seeding into these disturbed soils does not always produce rapid or dense vegetative cover. In difficult situations, temporary erosion protection is established through application of chopped straw or synthetic erosion control blankets, and sites with particularly poor soils must ultimately be amendment with a six-inch layer of imported topsoil. Faced with increasingly stringent storm water management regulations for construction sites, the IDOT is particularly interested in practices, such as site amendment with a blanket of composted organics, which may have potential to provide immediate runoff control and erosion protection as well as promoting improved emergence and growth of vegetation.
Summary of Recent Literature
Soil loss rates from construction sites are often reported to be 10 -20 times those from agricultural lands (USEPA, 2000 B) . Control of storm water, erosion, and sediment at construction sites was mandated by 1987 amendments to the federal Clean Water Act (CWA). US Environmental Protection Agency (USEPA) Phase I Rules of the National Pollutant Discharge Elimination System (NPDES) permit program were promulgated in 1990 and address control of storm water discharges from construction sites larger than five acres. Phase II of the NPDES, which became final in 1999 and will take effect in 2003, covers smaller construction sites of one to five acres (USEPA, 2000 B) . National guidelines for implementing minimum runoff control measures at construction sites and post-construction sites have been published by USEPA (2000 C, 2000 D) . Storm water and erosion regulations specific to highway construction sites require the Federal Highway Administration (FHWA) to develop erosion control guidelines applicable to highway projects supported by federal aid (Federal Highway Administration, 1997) . The "Transportation Equity Act for the 21 st Century", signed into law in June of 1998, continues several water-related provisions of the Intermodal Efficiency Act and adds new programs addressing storm water treatment systems, BMP's, and wetland restoration projects (USEPA, 1998) .
Current literature suggests that, although many states have experimented informally with using compost and other types of soil cover to reduce erosion and water quality problems, relatively few quantitative studies on their effects have been conducted. A survey of state departments of transportation (DOT's) by Mitchell (1997) , indicated that 19 state DOT's had developed specifications for compost use, and that 34 reported experimental or routine use of compost on roadsides for purposes such as: improved vegetation, erosion control, filter berms, and bioremediation of contaminated soils. Highway projects where composted organics were used specifically to control erosion were reported in Maine, California, Washington, Florida, Oregon, and Arizona.
A review of literature by Barrett et al. (1995) notes that the most commonly-cited water quality impacts associated with road construction are increased turbidity in runoff during and immediately after project completion. Furthermore, Barrett et al. report that most of the highway erosion research conducted in the U.S. since the 1960's has focused on application of synthetic slope covers, natural fiber mats, mulches, sediment barriers, check dams, and sedimentation ponds. No specific references to utilization of composted organics for erosion control were noted.
Recent projects focusing on the benefits to roadside vegetation of using compost include a comparison of the performance of soils amended with compost versus soils treated with hydro mulch and fertilizer (USEPA, 1997) , and work by the Texas Natural Resources Conservation Commission and the Texas Department of Transportation evaluating vegetation and erosion on roadway embankments treated with composted cattle manure (Block, 2000 .
Qualitative evaluation of the effects of compost on erosion include a 7-month project by the city of Portland, Oregon (Portland Solid Waste Department, 1994) , and work by Ettlin and Stewart (1993) on the use of yard debris compost for erosion control on slopes up to 42%. A follow-up study planned for 2001 by the Oregon Department of Environmental Quality and City of Portland was designed to compare the quantity and quality of runoff from an urban construction site amended with compost to that from a construction site receiving conventional storm water control practices (Kunz, 2001) .
Quantitative erosion control studies using compost include work by Demars, Long, and Ives (2000) who report that composted wood waste applied to a highway embankment with a 26 degree slope produced about 2% of the erosion from bare plots when subjected to natural rainfall. Storey et al. (1996) used simulated rainfall to compare vegetative growth and erosion on compost-amended plots and plots treated with shredded wood and two types of synthetic chemical tackifiers. A two-year Connecticut Department of Environmental Protection erosion control study comparing composted yard waste, wood mulch, and straw reported that erosion on untreated plots was more than 10 times that observed on mulched plots, and that thickness of the mulch layer did not appear to significantly affect the observed erosion rates (Block, 2000) . Agassi et al. (1998) report that 1 -3 cm thick layers of municipal solid waste compost applied to loess soils substantially increased infiltration during simulated rainfall. Risse et al. (2002) compared runoff, total solids loss, and nutrient loss from untreated soils with that from soils blanketed with seven types of compost, aged poultry litter, and three types of wood mulch. All treatments except the aged poultry litter effectively reduced solids loss in runoff compared with the erosion from untreated soil. Total runoff from the aged poultry litter was somewhat higher than from untreated soil, and most of the compost and wood mulches produced less runoff than untreated soil although the differences were not statistically significant. Nutrient loses from most of compost treatments were higher than from bare soil or wood mulch blankets.
Recommendations regarding site characteristics and appropriate application depths of compost to reduce erosion were presented by Alexander (2001) , Stewart and Pacific (1993) , and Michaud (1995) .
Project Objectives
To evaluate the potential water quality impacts of using blanket applications of composted organics to reduce soil erosion on newly-constructed highway rights-of-way, Iowa State University (ISU) researchers and representatives of the Iowa Department of Natural Resources and the Iowa Department of Transportation designed a two-year project to compare the performance of two conventional embankment treatments (direct seeding into subsoil, and subsoil amendment with topsoil) with the performance of embankments treated with composted organics. Performance indicators to be evaluated include: 1. Emergence and growth of cover crop vegetation;
2. Runoff and soil erosion; and 3. Release of nutrients and selected metals in runoff. This paper presents methods and results for objective # 3. Objectives 1 and 2 are covered in papers by Richard, Persyn, and Glanville (2002) , Persyn, Glanville, and Richard (2002) , and Glanville, Persyn, and Richard (2001) . A project website also is available at: http://compost.ae.iastate.edu.
Materials & Methods

Compost Selection
Different feed stocks, processing technologies, and product screening techniques can produce composted organics with diverse physical, chemical, and plant growth characteristics. To obtain study results representative of the broad range compost products available throughout Iowa, the Iowa Department of Natural Resources specified that the research be conducted using three types of compost that are readily available throughout the state. Composts selected were derived from: sewage biosolids and yard waste processed by the city of Davenport, IA; yard waste processed by the Metro Waste Authority of Des Moines, IA; and a mixture of sourceseparated bio-industrial byproducts (paper mill and grain processing sludge) and yard waste composted by the Bluestem Solid Waste Agency in Cedar Rapids, IA.
Research Site
The research was conducted at an interstate highway interchange located approximately 16 km north of Ames, Iowa. The site includes two southward-facing earthen embankments that were reconstructed in late 1999. The embankment slope is 3 to 1, the maximum typically allowed by state construction standards.
Water Source
Water used in the simulated rainfall studies was obtained from a 10-acre lake at the Iowa State University Horticulture Farm located approximately 5 miles from the research site. Water was hauled to the research site in a 4,500-L tank wagon and temporarily stored in two 9500-L polyethylene storage tanks. The watershed feeding the lake is used mainly for corn and soybean production.
Experimental Design
Experimental areas measuring 120 cm X 180 cm were treated using two conventional practices and six compost treatments. Conventional practices included a 15-cm blanket of topsoil, and direct seeding into the compacted embankment (control). Compost treatments consisted of 5-or 10-cm deep blankets of one of the three composts.
Plots were replicated six times during the summer of 2001, and again in the summer of 2002. Three of the yearly replications were subjected to simulated rainfall immediately following plot construction to observe the quality and quantity of runoff from an un-vegetated construction site. The three remaining replications were fertilized and planted with a mixture of oats, rye, timothy, and clover according to IDOT specifications, and subjected to simulated rainfall after vegetation was well established. Dry weather during the second year of the study resulted in only partial vegetation cover.
Runoff Sampling
Runoff quantity and quality were evaluated by applying simulated rainfall to 50-cm X 75-cm plots bordered on three sides with 20-cm wide galvanized steel strips. Runoff originating within the steel borders was captured using a V-shaped galvanized steel trough installed at the lower end of each plot.
Rainfall was applied using an 8-m long single-sweep Norton Rainfall Simulator of the type developed and used for soil erosion studies by the USDA National Soil Erosion Research Laboratory. Rainfall application and runoff sampling methods were similar to those used by USDA researchers during the Water Erosion Prediction Project (WEPP) as described in detail by Liebenow et al. (1990) and King et al. (1995) . One important difference between the USDA procedures and those used in this particular study is that the standard rainfall intensity of 63 mm/hr used on soil had to be increased to 80 -110 mm/hr to obtain runoff from compost-treated plots within 30-60 minutes. Rain gages positioned at the top of each experimental plot were used to measure the total amount of rainfall applied.
After runoff began, 10 -12 samples were collected at 5-to 7-minute intervals for one hour. A fixed amount of each periodic sample was added to a composite sample intended to represent the quality of all runoff generated during the one-hour test. Samples were stored at -4 o C until analysis.
Soil & Compost Sampling
Five samples of each of the composts, the topsoil, and the compacted subsoil (control) were collected prior to plot construction each year. The replicate samples of each material were mixed to obtain a composite sample, packaged in Ziploc bags, and stored at -4 o C prior to drying, grinding, digestion, and analysis.
Laboratory Analyses
Soil and compost samples were thawed, sub sampled, and dried to constant weight at 105 o C. They were then ground with a mortar and pestle and digested in triplicate according to EPA Method 3051, a strong HNO 3 acid microwave digestion procedure designed to release acid labile As, Cd, Cr, Cu, Hg, Mo, Pb, Se, Zn, P, and K. After digestion, samples were diluted with 5 mL of deionized water and analyzed using an Inductively Coupled Argon Plasma (ICP) instrument with a charged injection device manufactured by Thermo Jarrell-Ash.
Concentrations were corrected for moisture content by drying additional samples in the oven at 105 o C until constant weight was achieved and determining the moisture content.
Total nitrogen was evaluated in triplicate using a CHN-2000 analyzer manufactured by LECO Corporation.
Sediment was separated from the runoff samples by passing them through a 0.45-µm filter. Filters and their associated sediment were digested together and were analyzed for metals and nutrients using the same methods and equipment as for the composts and soils.
The portions of the runoff samples that passed through the 0.45-µm filter were diluted with 1 mL of aqua regia (HNO 3 and HCl acid solution) and analyzed for metals, P, and K using ICP. Nitrate and ammonium nitrogen in solution were determined colorimetrically using a Lachat Instrument. Samples from two of the biosolids compost plots were discolored and were filtered through activated carbon and reanalyzed to reduce analytical interference.
Laboratory quality control and assurance procedures included acid washing of laboratory vessels and equipment prior to use. Acids used in sample processing were trace metal free, and a sewage biosolids sample certified by the National Institute of Standards and Technology (NIST) was included with each batch of samples to quantify metal recovery during digestion. Standards and laboratory blanks were evaluated after every 10 samples processed via ICP, and samples were rerun if metals concentrations were not within 5 percent of NIST-certified values. Standards were evaluated after every 20 samples processed through the CHN-2000 analyzer and the Lachat instrument. Samples were rerun if results were not within 5 -10 percent of known values.
Differences in laboratory detection limits for soil/compost, eroded sediment, and liquid samples analyzed via ICP were caused by differences in physical sample characteristics. The base detection limit for ICP is 0.01 mg/L, but for soil/compost materials the detection limit was increased to 1.20 mg/L by the dilutions required during digestion and to match sample and standard matrices. The detection limit for the liquid fraction of runoff samples was increased to 0.06 mg/L due to dilutions needed to match volumes of samples and standard matrices. The detection limit for the sediment samples varied because the filtered samples were not ground (to avoid sample contamination) thereby leading to variable sample masses and different dilutions during sample digestion. The highest detection limit was 1.90 mg/L and this was used as a basis for all reported values.
Statistical Analyses
Statistical analyses were performed using SAS version 8.0 (SAS, 1999) . Non-parametric analysis was conducted on the nutrient and metals data in the composts and soils. If significance existed for a particular element, a pair wise comparison of materials was calculated using the Kruskal-Wallis Rank Sum Test. Analysis of variance (ANOVA) using PROC MIXED was used to determine significant treatment-related differences in the mass of elements moving with runoff and sediment. Residual plots indicated that log transformation of the runoff and sediment mass data was necessary to satisfy the assumption of constant variance. Treatment comparisons of the transformed data were evaluated using contrast statements. In all of the statistical analysis, data values below the analytical detection limit were assigned a value equal to the detection limit divided by two. Significant differences were determined at the 0.05 level.
Results and Discussion
Compost and Soil Quality
Metals
Mean metal concentrations in the composts, topsoil, and untreated subsoil are shown in table 1. As a basis for evaluating the values in table 1, current USEPA limits on heavy metals in landapplied biosolids (part 503, title 40, US Code of Federal Regulations) are shown in table 2. Biosolids meeting the "high quality" concentration limits are currently considered safe for bulk application to sensitive areas such as lawns or home gardens, and they also may be bagged and sold or given to the public. If concentrations are greater than the "high quality " standards but less than the ceiling concentrations in table 2, then annual application rates to sensitive areas must not exceed any of the annual pollutant loading rates given in the table (CFR Chapter I, Part 503.13) (USEPA, 1999) . Mean metals concentrations for the composts and soils in this study are significantly (p< 0.001) below the current USEPA upper limit for metals in "high quality" biosolids, indicating that land application of any of these materials would currently be assumed to pose little environmental risk. (Note: a new National Academy of Sciences report (2002) commissioned by the USEPA suggests that the data and risk assessment methods used to develop Part 503 are outdated, and recommends reevaluation of the biosolids rules in light of new chemical and pathogen data, and updated environmental risk assessment methods.)
Comparing mean metal concentrations across treatments shows that concentrations in the two soils are, for the most part, statistically similar and significantly lower than in the composts. Concentrations in the biosolids are significantly higher (p<0.05) than in any of the other materials. The notable exception to this was for arsenic, which was significantly lower in the biosolids compost than in any of the other materials. Yard waste and bio-industrial composts generally contained intermediate metals concentrations that were significantly (p < 0.05) lower than those in the biosolids, and significantly higher than in the soils.
Nutrients
Nitrogen, P, and K concentrations were significantly (p<0.05) lower in topsoil and the control soil than in any of the three composts. Mean N concentrations in the two soils were less than 0.2%, while P and K concentrations were less than 0.1%. Nutrient concentrations in the topsoil and control soil did not differ significantly.
Nitrogen, P, and K concentrations differed significantly (p< 0.05) among all three composts, with the biosolids compost having the highest values for N and P. Phosphorus concentrations were highest in the yard waste compost.
Rain Water Quality
During the two-year course of the project, 45 samples of the water applied to test plots through the rainfall simulator were drawn from the two on-site storage tanks and tested for 10 heavy metals, ammonia-nitrogen, and nitrate-nitrogen, and phosphate-P, and potassium.
Metals
Mean concentrations of all metals were at or below the detection level of 0.01 mg/L. Based on these results, metal concentrations in runoff from the test plots was not significantly affected by metals in the applied rainfall.
Nutrients
Mean phosphorus concentrations in water applied to the plots remained nearly constant at 0.03 mg/L (as P) during both years of the study, and potassium concentrations averaged about 0.9 mg/L (as K). Mean concentrations of P and K in test plot runoff were at least 20 times greater and so were not greatly affected by the rainfall.
With the exception of one sample taken during the second summer of the study, NH 4 -N concentrations in water applied to the runoff plots were below detection as might be expected in water taken from a well aerated body of surface water.
Mean NO 3 -N concentrations showed distinct differences between the two years of the study. In the first year NO 3 -N concentrations in all samples were below the detection limit of 0.2 mg/L. In the second year, however, NO 3 -N concentrations averaged 0.89 mg/L with a standard deviation of 0.9 mg/L. Since mean NO 3 -N concentrations in runoff from the test plots were in the 0.3 -1.3 mg/L range, the second year results may have been affected to some extent by the quality of the rainwater. Further statistical analysis will be necessary to verify this.
Runoff Quality
Because biosolids compost contained significantly higher concentrations of most metals and nutrients than the other composts the quality of runoff from plots treated with this material was anticipated to have the highest pollutant concentrations and to contrast most significantly with runoff from the conventionally treated plots. With this in mind, analysis of runoff from the biosolids compost became a project priority and testing of runoff from plots treated with the yard waste and bio-industrial composts was deferred to a later date and will be reported elsewhere.
Statistical analysis of runoff and erosion data shows that the biosolids compost exhibits significantly lower mean runoff and interrill erosion than the control or topsoil-treated plots . Because of these significant differences in hydrologic response, data for both concentration and total pollutant mass are presented to better characterize and contrast the relative environmental impacts of the compost and conventional treatments.
Soluble Metals
Mean concentrations of soluble Cd, Cr, Hg, Ni, Pb, and Se were near or below detectable levels (table 3) in runoff from all treatments. Only zinc was found in significantly (p<0.05) greater concentrations in runoff from the biosolids compost than from the control and topsoil-treated plots.
Although their concentrations were essentially the same across all treatments, the total mass of soluble Cd, Cr, Ni, Pb, and Se was significantly (p<0.05) higher in runoff from the control and topsoil plots (table 5) due to the significantly greater volumes of runoff produced by the two soils. There were no significant differences in the total mass of As, Cu, Hg, Mo, or Zn in runoff from the three treatment materials.
Soluble Nutrients
Mean NO 3 -N, NH 4 -N, and K concentrations (table 3) in runoff from the biosolids are higher than for the control and topsoil plots, but these differences are not statistically significant due to high data variability. Phosphorus concentrations in runoff from the biosolids were significantly higher than for the two soils.
The mean mass of nutrients in runoff mirrored the concentration data. There were no significant differences in total NO 3 -N, NH 4 -N, or K in runoff from the three treatments, but the mass of dissolved phosphorus was significantly greater in biosolids runoff (table 5) .
Sediment-attached Metals
The concentrations of most metals in sediment derived from the topsoil and control plots were 60 -100% of the their concentration in the original material. Zinc was the notable exception, with a mean concentration in sediment that was about 130% of that in the original materials.
Sediment derived from biosolids compost showed substantial reductions in most metal concentrations, averaging only 10 -20 % of concentrations present in the compost. This noticeable reduction in attached metal concentrations suggests that the more easily eroded particles in biosolids compost contain lower than average metal concentrations, or that metals were leached out of the upper surface of the biosolids blanket before runoff occurred.
Despite having significantly higher Ni and Pb concentrations in the biosolids compost, the sediment in the runoff from plots treated with this material contained significantly lower concentrations than sediment derived from the control and topsoil plots. Concentrations of sediment-attached Cd, Cr, and Se did not differ significantly across the treatments, but Cu, Hg, Mo, and Zn occurred in significantly (p<0.05) higher concentrations in sediment from the biosolids compost than in sediment from the two soils (table 4).
The total mass of As, Cd, Cr, Hg, Ni, Pb, Se, and Zn in sediment derived from each of the two soils were significantly greater than in sediment from the biosolids compost (Table 6) . These results run counter to the original concentrations of metals in the three treatment materials, and highlight the importance of considering hydrologic effects as well as chemistry when predicting the potential environmental impacts of land applying various types of materials.
Sediment-attached Nutrients
Mean concentrations of N in sediment eroded from the topsoil and control plots were 145% and 262% of the concentrations in the parent materials. This nitrogen enrichment appears to be similar to that increased nutrient densities in deposits of smaller and more chemically active soil particles at the edge of agricultural fields. Potassium concentrations in topsoil and control sediment were 120% and 112%, respectively, of the concentrations in the original topsoil and control soil. Phosphorus concentrations in sediment derived from the two soils averaged about 80% of the P levels in the parent material. Unlike the topsoil and control sediment, nutrient concentrations in the biosolids sediment tended to decline or remain constant compared with the parent material. Nitrogen concentrations were nearly the same in the sediment as in the original biosolids compost while P and K concentrations in biosolids sediment were only about 10% of those in the parent material.
When nutrient concentrations are compared across treatments, N and P in sediment from the biosolids were significantly (p<0.05) greater than in sediment from topsoil or the control. Potassium concentrations in biosolids sediment, however, were significantly lower than in sediments from either the control or topsoil.
As was the case for the soil-attached metals, the total mass of nutrients lost with biosolids compost sediment was attenuated by the relatively low erosion rate of this material. As a result, despite significantly higher N and P concentrations in the parent material, the total masses of sediment-attached N and P from biosolids compost did not differ significantly from those in the sediments from the two conventional treatments. The mean mass of sediment-attached K from the biosolids compost was significantly less than that from the two soils.
Conclusions
Chemical analysis of the composted organics and two soils revealed significantly higher concentrations of metals and nutrients in the composts than in the topsoil or subsoil. Composted biosolids had significantly higher concentrations of most metals and nutrients than the other composts or the two study soils. In all cases, however, metals in the composts were well below the concentrations allowed in "high quality" biosolids permitted to be sold to the general public and applied to sensitive areas.
Despite significantly higher nutrient and metal concentrations in the parent material, concentrations of most soluble nutrients and metals in runoff from plots treated with biosolids compost were not significantly (p< 0.05) greater than in runoff from control plots or those treated with topsoil. Only zinc and phosphorus concentrations were significantly greater in the biosolids compost runoff than in runoff from the two soils.
Concentrations of most metals and nutrients in sediment eroded from plots treated with biosolids compost tended to be noticeably lower than the concentrations in the parent material. Contrasting with this trend, eroded material from topsoil and control plots exhibited metal concentrations that were only slightly lower than concentrations in the parent material, and mean concentrations of both N and K in the soil sediments showed evidence of nutrient enrichment associated with the erosion process.
Concentrations of four metals, nitrogen, and phosphorus were significantly greater in eroded material from the biosolids compost than in sediment from topsoil or the control soil. There were no significant differences in sediment-attached concentrations of three metals, however, and the biosolids sediment contained significantly lower concentrations of three metals and potassium.
Due in part to significantly lower runoff and erosion from plots treated with biosolids compost, the total masses of both soluble and soil-attached forms of Cd, Cr, Ni, Pb, and Se moving off of plots treated with biosolids compost were significantly (p<0.05) lower than from the conventional treatments. Soluble P was the only pollutant derived from biosolids compost in significantly greater masses than from the other two materials. The masses of all other soluble and soilattached metals and nutrients did not differ significantly across treatments. 
